We investigate how individual workers and local labour markets adjust over a long time period to a discrete and plausibly exogenous technological shock, namely the introduction of containerisation in the UK port industry. This technology, which was introduced rapidly between the mid-1960s and the late-1970s, had dramatic consequences for specific occupations within the port industry. Using longitudinal micro-census data we follow dock-workers over a 40 year period and examine the long-run consequences of containerisation for patterns of employment, migration and mortality. Preliminary results show that the job guarantees in place up until 1989 successfully protected dockworkers' employment up until 1991. More surprisingly, using a matched comparison of workers in comparable unskilled occupations reveals that, even after job guarantees were removed, dock-workers did not fare worse than the comparison group in terms of their labour market outcomes. Our results suggest that job guarantees may significantly reduce the cost to workers of sudden technological change, albeit at a significant cost to the industry.
Introduction
Technological change can have dramatic and long-lasting effects on the labour market.
Some industries or occupations decline, while others expand as a result of the technological change. This restructuring causes job loss and the displacement of workers from the declining industries or occupations, which can have significant and long-lasting effects on employment and earnings for the affected individuals. Studies for the US include Ruhm (1991), Jacobson et al. (1993) and more recently Couch and Placzek (2010) and Davis and von Wachter (2011) . For the UK, to which this paper refers, Upward and Wright (2013) find long-run losses (10 years after displacement) in wages and employment which amount to a permanent reduction in earnings of about 10%. As well as the financial cost, there are also long-lasting effects on other worker outcomes, such as morbidity (e.g. Black et al., 2012) , mortality (e.g. Eliason and Storrie, 2009 ) and family break-up (e.g. Eliason, 2012) .
However, the literature on job loss does not in general consider the underlying cause of the displacement. It is therefore difficult to evaluate the adjustment cost of specific technological developments which may simultaneously affect many firms, an entire industry or occupation. This may be because such technological changes often occur relatively gradually, or because they are difficult to isolate from other changes which are occurring at the same time, or because the shocks may be themselves determined by the structure of the labour market. In contrast, in this paper we focus explicitly on the labour market response to a sudden, well-defined and exogenous technological shock, namely the introduction of containerisation in UK ports.
Containerisation changed the UK port industry profoundly in the space of only a few years in the decade from the late 1960s. The new technology was massively more capital intensive, and its introduction led to a sudden decline in the use of port labour, in particular the workers who loaded and unloaded cargo, known as stevedores, dockers or longshoremen. Containerisation also brought increased economies of scale and a greater concentration of port activity (Hall, 2009) . Older ports which were unsuited to the requirements of the new technology (such as deep water, road and rail networks) declined while new ports expanded quickly in more suitable locations.
Beyond the effect on the port industry itself, containerisation also affected other industries which were traditionally located near or around the ports. Hoare (1986) claims that in 1964, 40% of all UK exports originated within 25 miles of their port of export, and two-thirds within 75 miles. 1 Containerisation and the associated development of rail and road networks meant that warehouses and manufacturers no longer needed to locate near ports. Legal, insurance, and other service providers directly linked to shipping and port activities had to downsize their operations or move elsewhere.
As a large open island economy, the UK was heavily dependent on shipping for its trade. London was one of the largest ports in the world before the advent of the container, and suffered a particularly dramatic decline. The port districts in East London lost some 150,000 jobs between 1966 and 1976 due to the closure of the London Docks, around 20% of all jobs in the area. 2 Our approach in this paper is to measure the cost of the technological shock to incumbent workers. We use micro-census data to follow dock workers in England and Wales (and various comparison groups) over a 30-year period from 1971 to 2001 to measure the long-run effect. We also consider the likely spillover effect on local labour markets, rather than just those workers directly effected.
As noted, this paper is related to the literature on worker displacement, but rather than measuring the effect of firm-specific events such as closure or layoff, it measures the impact of a more general technological shock whose effects were much more widespread.
Our study bears some similarity to, and uses the same data as Fieldhouse and Hollywood (1999) . They study the effects of the collapse of the UK mining industry during the 1980s. 3 They find that only one-third of men in mining occupations in 1981 were in employment in 1991. In contrast, half of men in the same age group who were not in mining occupations in 1981 were in employment in 1991. Their results suggest that an industry-level collapse in employment can have extremely large employment effects even after 10 years. 4
As well as allowing us to follow workers over a very long time period (essentially their entire working lives), the census data also has the advantage that it tracks workers regardless of their labour market state. Typically, administrative data which come from social security records (such as that used by Jacobson et al., 1993) only contain records for those periods when the worker is in employment. But an important development in the UK (and US) labour markets over the last 30 years has been the large increase in the number claiming various disability benefits (see McVicar, 2008 , for a survey of the UK evidence). In the US, Black et al. (2002) show that exogenous variation in the value of labour force participation has a significant effect on the use of disability programmes.
Our data allows us to see the extent to which the new technology caused existing workers to enter different labour market states such as unemployment, disability or retirement. 5 Our paper is also related to the literature on the effects of deregulation and containerisation on dock-workers in the United States. Talley (2002) analyzes the earnings of US union dockworkers before and after the passage of the 1984 Shipping Act, us-2 Source: The London Docklands Development Corporation (http://www.lddc-history.org.uk/ beforelddc/index.html) 3 Note that this collapse was not principally caused by a technological development, but rather a combination of political and longer-run economic factors.
4 In a similar vein, Hinde (1994) studies displaced workers from another industry, shipbuilding, which experienced catastrophic job loss.
5 But note that both Black et al. (2002) and Black et al. (2005) concern the effect of exogenous shocks on the aggregate local labour market; whereas our focus is on the adjustment cost faced by workers in that industry (or related industries) already.
ing CPS data. The results show that dockworker earnings increased after deregulation, which is attributed to the increase in demand for dockworkers in the period after containerisation 6 and increased capital-labour ratios. Similarly, Hall (2009) estimates the effects of containerisation and deregulation on port worker earnings in US port cities since 1975. He also uses CPS data and constructs difference-in-difference estimates of earnings gaps between truckers, dockers and warehousers and various control groups based on workers in non-transport occupations based in port and non-port cities. He finds that dockers pay advantage over non-transport workers also increased during the period of containerisation and deregulation. In contrast to these papers, we use longitudinal data which allows us to assess the impact of containerisation and deregulation on existing dock workers, rather than a comparison of cross-sections over time.
The paper is organized as follows. In Section 2 we briefly describe the process by which UK ports became containerized as well as the evolution of dock employment in the UK. Section 3 describes the location of English and Welsh ports and provides a district-level comparison of labour markets defined according to the location of ports.
Our methods are described in Section 4, and the main set of worker-level results is provided in Section 5. Section 6 concludes.
Dock Employment in Great Britain
The development of container technology is described in detail in, inter alia Vigarié (1999), Levinson (2006) and El-Sahli (2012) . In this section we describe the most important developments as they affected the UK, with a particular focus on the effects of containerisation on port labour and employment in port areas.
Container ships first docked in the UK in 1966 when services were established for the transatlantic trade between the US and European ports in the UK, Netherlands and West Germany (Levinson, 2006) . Containerisation required major technological changes in port facilities, and the two largest UK ports of London and Liverpool were unsuited the new technology. London docks, for example, were difficult to navigate even for smaller break-bulk ships, 7 and larger vessels had to unload onto smaller vessels near the mouth of the river. Furthermore, neither London nor Liverpool allowed easy access for onward land transportation. As a result, major investments were made in new docks at Tilbury and Southampton, while Liverpool docks were retro-fitted to handle containers in the early 1970s.
Before containerisation, dock-work was highly paid. The average full-time docker earned about 30% more than the average male worker in Britain in the mid-1960s (Levinson, 2006 . 8 In the UK, dock-work was highly regulated by the statutory National Dock lowed to hire registered dockworkers to perform dock-work. Dock-workers had high levels of unionisation and industrial disputes were common before the introduction of containers (Turnbull, 2012) . The introduction of containers caused further industrial conflict.
Unions imposed a ban on container ships at Tilbury docks in January 1968, which lasted until April 1970. The dispute resulted in the negotiation of a new Dock Labour Scheme, although there were continuing industrial disputes throughout the period of containerisation. The new scheme introduced permanent employment arrangements and prevented non-registered dockers from work in ports covered by the scheme (Turnbull et al., 1996) .
Voluntary severance was also offered with generous severance pay. In 1972, another agreement was reached which actually prevented the use of compulsory redundancy.
Even if a docker's employer went out of business, he would be offered dock-work with another employer if he was unwilling to accept voluntary severance (Turnbull and Wass, 1994) . (Turnbull, 1992; Turnbull and Wass, 1994) . 
District-level evidence
In this section we provide evidence that the process of containerisation had long-lasting effects at the level of the local labour market. We do this simply by comparing the labour market performance of districts which contained a major port in the 1960s with those that did not. An advantage of this approach is that we can use published census data which includes 1961 (clearly before any containerisation had started), and which covers 10% of the population, rather than 1% as in our worker-level data. (1961 , 1971 and 2001 ), New Earnings Survey 1% sample (1981 , 1991 land and Wales in the late 1967, before the process of containerisation began in the UK. 10
Also shown are the local authority boundaries which existed at this time in England and
Wales. 11 Figure 2 shows clearly the importance of the traditional ports of London and Liverpool before containerisation, and also that port activity was quite widely spread at this time. Figure 3 shows the geographic distribution of workers in port-related industries, aggregated from the 1971 Longitudinal Survey. 12 As we would expect, we find concentrations of dock workers in exactly those local authorities which also contained major ports. The port was converted into a modern container port and reopened for business in 1972.
In Figure 5 , we present evidence from the local London and Liverpool labour markets and compare them with employment patterns in non-port districts. The patterns observed in Figure 4 are seen again, but are more extreme. The employment rate in London fell by nearly 13 percentage points between 1961 and 1991, and went from having an employment rate far higher than in non-port districts to having one which was lower. Liverpool's employment rate grew between 1961 and 1971 but then also collapsed faster than in non-port districts between 1971 and 1991. These changes are mirrored in the unemployment rate, with both London and Liverpool experiencing larger increases
10 Table A .1 shows that these major ports accounted for 95% of foreign sea tonnage in 1967. Information from ports.org.uk suggests that there were an additional 80 minor commercial ports in existence.
11 The organisation of local government in England and Wales changed significantly in 1974 following the Local Government Act 1972.
12 We describe this data more fully in Section 4. The Longitudinal Survey is not available before 1971. Districts with no port London Liverpool Figure 5 . See notes for previous figure. "London" and "Liverpool" refers to those local authority districts within London and Liverpool which contained major ports in the 1960s; see Table A .2 in Appendix A.
than in non-port districts. From 1971 to 2011 manufacturing and transport employment fell faster in London and Liverpool than in non port-districts, and it is striking that transport employment in London and Liverpool is today barely higher than in non-port districts.
The evidence from local labour markets can be summarised by a district-level differencein-difference model:
where the dependent variable is the relevant rate (employment, unemployment etc) in The treatment group will in this case be quite broad, and will include many workers who were not directly employed by docks. However, the containerisation of the docks had profound effects not only on dock-workers, but also on workers whose firms were located close to docks or whose firms provided services related to shipping. Ports acted as agglomeration forces prior to containerisation. Hence, much of the economic activity was concentrated around the docks for access to international markets. For example, many of the jobs lost in East London were in manufacturing firms who no longer needed to be located close to the source of their imported inputs (Levinson, 2006) . Also, one expects firms involved in logistics, insurance, financial as well as legal services to be affected by the disappearance or moving of ports.
The results are shown in Table 1 . The estimate of β shows that the employment rate in 1971 was not significantly different in port districts relative to non-port districts, but the unemployment rate, proportion of employment in manufacturing and the proportion of employment in transport were all significantly higher. The estimates of δ then show how these rates evolved over the next 40 years. Employment rates in port districts are still significantly lower (3.7pp) than those in non-port districts, even in 2011. However, the unemployment effect seems to have been less permanent. Presumably this reflects the fact that those workers who lost their jobs as a result of containerisation and the exodus of manufacturing jobs eventually retired or left the area. In the third and fourth column we see that, relative to non-port districts, manufacturing and transport employment is still significantly lower than it was in 1971.
The district-level results from this section suggest that labour markets which contained a major port in the 1960s fared worse than labour markets which did not contain a major port, and that this difference has persisted for many years. Furthermore, the graphical evidence suggests that this difference coincided with the introduction of containerisation in UK ports. This is at least suggestive of the idea that (a) the effects . Table reports estimates of (1).
of containerisation were felt more generally than simply within the docks and (b) these effects were very long-lasting.
However, this evidence does not control for the characteristics of the workers or the industries in each district. It seems plausible, for example, that districts which contained ports had different occupational and industrial structures and that these districts might have fared worse than other districts regardless of the introduction of containerisation.
In addition, the district-level evidence does not tell us directly about adjustment costs.
If, for example, workers move from declining districts (such as those containing ports)
to expanding districts, then adjustment costs may be low even though there are large differences in employment growth between districts. In the next section therefore we turn to individual level data which allow us to track incumbent workers, and which allow us to control for the pre-existing characteristics of workers, including occupation and industry.
Data and Research Design
Individual micro-level data for England and Wales is taken from the Office for National Statistics Longitudinal Study (LS). 13 The sample comprises individuals born on one of four selected dates during the year, and therefore represents slightly more than 1% of the population of England and Wales. Records are linked across each ten-year census from 1971 to 2001. 14 A weakness of our data is therefore that we first observe workers a few years after the process of containerisation started. Indeed, Figure 1 suggests that the number of stevedores had already declined by about one-third by 1971. Nevertheless, the great majority still remained.
The data include information on occupation, economic activity, housing, ethnicity, age, sex, marital status and education as well as geographic data. As well as census records, the LS also contain information on events including death and migrations.
The data allows us to follow a sample of employed men in 1971 and trace patterns of re-employment (in new occupations, industries and places of work), unemployment or inactivity. Because we can do this over a long time period we can capture, for most workers, their entire working lives. In particular, we focus on groups of workers who were likely to have been affected by the introduction of containers. These groups include dockworkers, workers in port industries and workers located close to docks. In many of our specifications we compare these groups to observationally similar workers who are less directly affected by the process of containerisation.
Our complete sample comprises 201,091 individuals who were employed at the time of the census in April 1971 as employees, apprentices, foremen and managers. 15 From these we select only men, since all the individuals identified as stevedores in 1971 were men. This leaves us with 124,335 male workers observed in 1971. The first row of Table 2 shows that 83% of these workers are also observed ten years later in the 1981
census. About half of those who are not observed in subsequent censuses have died; the remainder could not be traced by ONS. The attrition rate generally increases over time because our sample ages. The remaining rows of Table 2 summarises our main treatment and control groups.
The first treatment group T 1 is defined by occupation. The UK classification of occupations in use at the time of the 1971 census (Office for Population Censuses and Surveys, 1970) has a specific category for "Stevedores and dock labourers." We find 397 individuals in this occupational group, which is very consistent with the estimated number of stevedores from the published census tables (see Figure 1. ) Rather than using all workers who are not stevedores as a control group, we restrict the control group to include only those workers in social classes 3 ("skilled manual") and 5 ("unskilled"), since all stevedores fall into these classes.
The second treatment group T 2 is defined by industry. The UK classification of industries at the time of the 1971 census (Central Statistical Office, 1970) has a classification for "Port and inland water transport". We find 759 men in this industry, which again is consistent with the estimates from published census tables shown in Figure 1. We restrict the control group to include only those workers in industries other than transport to avoid the potential problem that containerisation had effects on other industries in the transport sector.
The third treatment group T 3 is defined by geography. Using the districts defined in Section 3 (i.e. those that contained major ports in 1971), a worker is in treatment group T3 if their place of work falls in one of those districts in 1971, and is in the control group otherwise. The idea that one can use geographically-defined labour markets to define treatment and control groups is widely-used in the economics literature; for example in studies of the affect of migration on labour markets (see Dustmann et al. (2008) for a summary of the methodology), and more recently in the analysis of the effect of imports on the local labour market (Autor et al. (2012) ).
To make the distinction between the geographically defined treatment and control groups more clear-cut, we also define two alternative control groups. In T 1a we include in the control group only workers whose place of work is in Counties which do not contain any major ports. Thus for example all workers in London would be excluded from this control group. In T 1b we include in the control group only workers whose place of work is at least 20km from any port. 16
Once we have defined the treatment and control groups, we require information on those same workers in each of the following censuses up to 2011. We create a panel with five observations for each individual (t = 1971, 1981, 1991, 2001, 2011) . Define y it to be the outcome of individual i at time t. These outcomes will be indicator variables capturing employment status, occupational mobility, geographic mobility and mortality.
Define D i to be an indicator variable which takes the value 1 if individual i is in the treatment group in 1971 and 0 otherwise. Define T 81 it to be an indicator variable which takes the value 1 if observation i refers to year 1981. T 91 it , T 01 it and T 11 it are defined analogously.
We measure the effect of containerisation by comparing the evolution of y it between individuals in the treatment group and those in the control group. In each case the base year (1971) is such that everyone in the sample has y it = 1 because everyone in the sample is in employment (or in the census) in that year, or because their mobility status is undefined. Therefore we estimate a simplified difference model (rather than a difference-in-difference model as before):
The coefficients γ s capture the evolution of y it over the next three decades for individuals in the control group, while the δ s coefficients capture the difference in the evolution of y it for the treatment group.
We also need to control for pre-existing observed differences between the treatment and control groups in 1971. For example, the treatment and control group may differ in terms of age, education, occupation and so on. To illustrate the differences between the treatment and control groups in terms of their characteristics, Table 3 compares the mean values for each treatment/control comparison.
We use two methods to control for these pre-existing differences. First, we include the full set of covariates described in Table 3 in Equation (2). Second, we explicitly Male unemployment rate in ward % of unskilled workers in ward % of semi-skilled workers in ward Number of observations Table 3 . Pre-existing differences in sample characteristics in 1971.
"match" treatment observations with observationally similar control observations using the propensity score method proposed by Rosenbaum and Rubin (1983) . The propensity score p(x) is defined as the probability of being in the treatment group given a set of pre-existing observable characteristics, x:
The scores are estimated from a logit model. The matching method has the advantage that it imposes a common support on the treated and untreated observations. That is, we only include in the control group those observations whose characteristics are such that they have a propensity score similar to some observations in the treatment group.
In practice, this means we compare dock-workers, those who work in port industries, or those who work in port districts to workers who were observably similar in 1971.
Because we typically have a very large control group we choose the 100 nearest matches to each treated observation but restrict matches to be within 0.001 of the propensity for treated observations. In Table 4 we show that, after matching, the characteristics of the treatment and control group are observably identical. After matching, the effect of containerisation is estimated as the "average treatment effect on the treated"; see Eqn (25.40) in Cameron and Trivedi (2005) for example. In practice, this is achieved by estimating Equation (2) on the matched treatment and control groups where the observations in the control group are weighted by the weights obtained from the propensity score matching. Male unemployment rate in ward % of unskilled workers in ward % of semi-skilled workers in ward Number of observations Table 4 . Pre-existing differences in sample characteristics in 1971, matched samples
In this section, we present the results from estimating Equation (2) using the treatment and control group definitions given in Table 2 
Attrition and mortality
Results are in Table 5 .
Employment status
Results are in Table 6 .
Geographical and occupational movement
Results are in Table 7 . Table 7 . Differences in geographical and occupational mobility between treated and control observations
